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We report on a measurement of the parity violating asymmetry in the elastic scattering of polarized 
electrons off unpolarized protons with the A4 apparatus at MAMI in Mainz at a four momentum 
transfer value of = 0.108 (GeV/c)^ and at a forward electron scattering angle of 30° < 9e < 40°. 
The measured asymmetry is ALR{ep) = (-1.36 ± 0.29stat ± ^-^"isyst) x 10^". The expectation from 
the Standard Model assuming no strangeness contribution to the vector current is Ao = (-2.06± 
0.14) X lO"'^. We have improved the statistical accuracy by a factor of 3 as compared to our previous 
measurements at a higher . We have extracted the strangeness contribution to the electromagnetic 
form factors from our data to be G% + 0.106 Gl, = 0.071 ± 0.036 at = 0.108 (GeV/c)^ As 
in our previous measurement at higher momentum transfer for + 0.230 G%j, we again find the 
value for G'e + 0.106 G\j to be positive, this time at an improved significance level of 2 a. 

PACS numbers: 12.15.-y, ll.30.Er, 13.40.Gp, 13.60.Fz, 14.20.Dh 



The understanding of quantum chromodynamics 
(QCD) in the nonperturbative regime is crucial for the 
understanding of the structure of hadronic matter like 
protons and neutrons (nucleons) . The successful descrip- 
tion of a wide variety of observables by the concept of ef- 
fective, heavy (« 350 MeV) constituent quarks, which are 
not the current quarks of QCD, is still a puzzle. There are 
other equivalent descriptions of hadronic matter at low 
energy scales in terms of effective fields like chiral pertur- 
bation theory (xPT) or Skyrme-type soliton models. The 
effective fields in these models arise dynamically from a 
sea of virtual gluons and quark-antiquark pairs. In this 
context the contribution of strange quarks plays a special 
role since the nucleon has no net strangeness, and any 
contribution to nucleon structure observables is a pure 
sea-quark effect. Due to the higher current mass of the 
strange quark (mg) as compared to the up (m,i) and down 
(md) quark masses with TOs ~ 140 MeV 3> m^,md ~ 
5 — 10 MeV, one expects a suppression of strangeness ef- 
fects in the creation of quark-antiquark pairs. On the 
other hand the strange quark mass is within the range 
of the mass scale of QCD (tos « Aqcd) so that the dy- 
namic creation of strange sea quark pairs could still be 
substantial with the contribution from c, b, and t-quarks 
being negligible. 

In the past, many hadronic quantities have been investi- 
gated for their strangeness contribution. For example, 
the strangeness contribution to the scalar quark den- 
sity of the vacuum (0|ss|0) is sizeable and comparable 
in magnitude to the quark condensate of the u and d 
flavors (0|gq|0), namely (0|ss|0) = (0.8 ± 0.1) (0|qg|0) 



1]. The scalar strangeness density (A^|ss|Af) of the nu- 
cleon gives a contribution to the mass of the nucleon. 
It has been discussed in the context of the S commu- 
tator, which can be related to the ttN scattering ampli- 
tude. Recent evaluations of the ttN sigma term from 
new ttN scattering data give values for S^tv of (64 ± 
8) MeV up to (79 ± 7) MeV resulting in a strangeness 
ratio y = 2 (A^|ss|A^) / {N\uu + dd\N) in the range be- 
tween 0.22 and 0.46. This corresponds to a contribution 
to the nucleon mass from the scalar density nis {N\ss\N) 
of 110 MeV to 220 MeV 0. Information on the axial 
charge (Af|s7^7^s| A^) and on the strangeness contribu- 
tion to the spin of the nucleon comes from the interpre- 
tation of deep inelastic scattering data and suggests a 
sizeable contribution of the strange quarks of As{Q'^ = 1 
(GeV/c)2) = -0.045 ± 0.007 to the nucleon spin from a 
next-to-leading order perturbative QCD analysis of the 
available world data set including higher twist effects 'sf . 
Parity violating (PV) electron scattering off nucleons pro- 
vides experimental access to the strange quark vector 
current in the nucleon {N\sjfj_s\N), which is parameter- 
ized in the electromagnetic form factors of proton and 
neutron, G|; and G%j Q. Recently three collaborations 
have published experimental results: 1. The SAMPLE 
collaboration at MIT-Bates |^ at a four momentum 
transfer of = o.l (GeV/c)^ and = 0.04 (GeV/c)^ 
at backward angles, where they are sensitive to G\j and 
the axial form factor G% 2. the HAPPEX collabo- 
ration at TJNAF with scattering at a momentum 
transfer of = o.48 (GeV/c)^ at forward angles of 12° 
where they are sensitive to G|; -t- 0.39 G^, and 3. our 
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collaboration A4 at MAMI at a momentum transfer of 
= 0.23 (GeV/c)^ with scattering at forward angles 
sensitive to G|; + 0.25 G|j. A direct separation of the 
electric (G|;) and magnetic {G\,i) contributions at for- 
ward angles has been impossible so far, since the mea- 
surements have been taken at different Q^-values. We 
present here a new measurement of the PV asymmetry 
in the scattering of polarized electrons off unpolarized 
protons with the A4 experiment at forward angles of 
30° < 9e < 40° and at the same four momentum transfer 
of Q2 = 0.108 (GeV/c)2 where the SAMPLE collabora- 
tion has measured at backward kinematics so that for the 
first time a separation of G% and G\i solely from exper- 
imental data will be possible. 

The interference between weak [Z) and electromagnetic 
(7) amplitudes leads to a PV asymmetry Aifl(ep) = 
{crR — aLj/ifyR + crL) in the elastic scattering cross section 
of right- and left-handed electrons [un and (Jl respec- 
tively). The asymmetry can be written as ALft(ep) = Ci 
G^E + '^2 G\,j -\- C3 and is given in the framework of the 
Standard Model . The weak vector form factors G^ 
of the proton can be expressed in terms of the known elec- 
tromagnetic nucleon form factors G^\j and the unknown 
strange form factors G^ ^ using isospin symmetry and 
the universality of the quarks in weak and electromag- 
netic interactions. It can be expressed as a sum of three 
terms, ALR{ep) ^ Ay + As + Aa- 
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Ay represents the vector coupling at the proton ver- 
tex where the possible strangeness contribution has been 
taken out and has been put into A^, a term arising only 
from a contribution of strangeness to the electromagnetic 
vector form factors. The term A a represents the con- 
tribution from the axial coupling at the proton vertex 
due to the neutral current weak axial form factor G^. 
The quantity a represents (G^Q^)/(47raV2). G^ is the 
Fermi coupling constant as derived from muon decay, a 
is the fine structure constant, the negative square of 
the four momentum transfer, r = Q^/(4Mp) with Mp 
the proton mass, and e [1 + 2(1 + r) tan^ (6*6/2)]"-^ 
with 6'e the laboratory scattering angle of the electron. 
The electromagnetic form factors G^^\j are taken from 
a recent parametrization (version 1 , page 5) by Friedrich 
and Walcher |9|, where we assign an experimental er- 
ror of 3% to Glj and G^, 5% to G^j, and 10% to 
G^. Electro- weak radiative corrections are included in 
the factors p', and k', which have been evaluated in the 
MS renormalization scheme according to [lOj . We use a 



,— , 5 

S 4 
a 4 

^ 3 

1 


-1 
-2 
-3 
-4 



_out 



out 



out 

I 



out 

I 



1 2 3 4 5 6 7 8 

Sample No. 

FIG. 1: Extracted physics asymmetries for = 
0.108(GeV/c)^ with respect to the state of the A/2 wave plate. 
The flip of sign can be observed well. The dashed line repre- 
sents the global fit to all data with A/2- wave plate sign flip 
taken into account. 
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in G^. Electromagnetic internal and external radiative 
corrections to the asymmetry and the effect of energy loss 
due to ionization in the target have also been calculated. 
They reduce the expected asymmetry for our kinematics 
by about 1.3 %. We average ^0 = Ay + Aa over the ac- 
ceptance of the detector and the target length. We obtain 
an expected value for the asymmetry at the averaged 
without strangeness contribution to the vector form fac- 
tors ofAo = (-2.06±0.14) X 10"*^. The three largest con- 
tributions to the uncertainty of Aq come from the uncer- 
tainty in the axial form factor G^ (0.08 x 10~^), the elec- 
tric form factor of the proton G^ (0.07 x 10~^), and the 
magnetic form factor of the neutron G^lj (0.07 x 10~^). 
The measurement was carried out at the MAMI ac- 
celerator facility using the setup of the A4 experiment 
[131 113. 115I . We used an electron beam with an en- 
ergy of 570.4 MeV and an intensity of 20 /lA. An averaged 
electron beam polarization Pg of 80 % was obtained using 
a strained layer GaAs crystal. The helicity of the elec- 
trons is changed randomly between two complementary 
patterns on a 20 ms basis. The beam polarization was 
measured weekly by a M0ller polarimeter with a preci- 
sion of better than 2 %. Together with the interpolation 
between the weekly measurements the uncertainty in the 
knowledge of the polarization was 4 %. Several mon- 
itor and stabilization systems were installed along the 
accelerator to minimize and measure helicity correlated 
beam fluctuations such as differences in position, angle, 
and energy for the two helicity states, which introduce 
false asymmetries. The electrons were scattered off a 
10 cm long liquid hydrogen target corresponding to a lu- 
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TABLE I: Applied corrections to the measured asymme- 
try and their contribution to the systematic error at Q'^ = 
0.108(GeV/c)^ in units of parts per million (ppm). 

Correction (ppm) Error (ppm) 
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n ni 


Target density, current 


0.00 


0.02 


Nonlinearity of LuMo 


0.05 


0.00 


Dead time correction 


0.03 


0.02 


Current asymmetry Ai 


-0.33 


0.04 


Energy difference AE 


0.03 


0.03 


Position differences Ax, Ay 


0.01 


0.09 


Angle differences Ax' , Ay' 


0.01 


0.09 


Al windows (H2 target) 


0.06 


0.03 


Dilution from 7r° decay 


0.00 


0.02 


Pe measurement 


-0.34 


0.03 


Pe interpolation 


0.00 


0.05 


Total systematic error 




0.13 



ing angles of 4.4° < 9e < 10° covering the full azimuthal 
range of (j)^ . From the helicity correlated luminosity and 
beam current measurement we obtained the target den- 
sity pr^l = Lh^l/Iji^l for the two helicity states R and 
L from the ratio of luminosity L_r,l and beam current 
Ir,l- 

The scattered particles were detected in a total ab- 
sorbing calorimeter that consisted of 1022 individual lead 
fluoride (PbF2) crystals placed in 7 rings and 146 rows. 
It covered scattering angles from 30° < 9^ < 40° and 
the full azimuthal (/)e-range, yielding a solid angle of 
Art — 0.62 sr. We achieved an energy resolution of 
at the elastic peak. This allows a clean sepa- 
ration of elastic scattered electrons from inelastic events 
like TT-electroproduction and A(1232)-excitation, which 
have a PV asymmetry originating from different physics. 
Using Monte Carlo simulations we estimated the possi- 
ble background contribution from the production of tt'^s, 
which subsequently decay into two photons, to be much 
less than 1 %. It is neglected here. The largest back- 
ground comes from quasi-elastic scattering off the thin 
aluminum entrance and exit windows of the target cell 
(see Tabic Pi. 

The number of elastic events for positive (R) and nega- 
tive (L) helicity Nr^l was determined from the energy 
histograms and from summing up over all 730 chan- 
nels of the inner five rings of the calorimeter. For 
each 5 minute run we calculated a raw asymmetry us- 
ing the elastic counts normalized to the target density 
Araw = {Nr/pr - Nl/pl)/{Nr/pr + Nl/pl)- Cor- 
rections due to false asymmetries arising from helicity 
correlated changes of beam parameters were applied on 
a run by run basis, using the method of multilinear re- 
gression. We corrected for the measured polarization 
of the electron beam. The analysis is based on a to- 
tal of 4.8 X 10^ histograms corresponding to 2 x lO^'^ 
elastic events. The largest correction arises from the in- 
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FIG. 2: Difference between the measured parity violating 
asymmetry in electron proton scattering ALRiep) and the 
asymmetry Aq without vector strangeness contribution from 
the Standard Model for the SAMPLE experiment at back- 
ward angles, and the HAPPEX and the two A4 results at 
forward angles. We have taken the published asymmetry val- 
ues from the SAMPLE and HAPPEX results and recalculated 
Ao according to Equations Q and |31 taking for SAMPLE the 
mean values of the kinematical variables. The new exper- 
imental result at Q^=0.108 (GeV/c)^ presented here is the 
most accurate measurement. 



terpolation between the polarization measurements and 
the corrections for the beam current asymmetry. Table 
^ gives an overview of the corrections and their contri- 
butions to the systematic error. About half of the data 
samples were taken with a A/2- wave plate inserted in 
the laser optics of the electron source which reverses the 
beam helicity from R to L and vice versa without any 
other change to the data acquisition system or the anal- 
ysis. This serves as a sensitive test for the understanding 
of the systematic corrections since the extracted physics 
asymmetry ALRiep) must change sign. Altogether eight 
so called data samples have been taken, four with the 
A/2- wave plate in. Figure Q shows the extracted physics 
asymmetries for these data samples. The change in sign 
when the A/2- wave plate was inserted can easily be ob- 
served. From all of the data we extracted a value of 
ALRiep) = (-1.36 ± 0.29,tat ± 0.13,2,,*) ppm. 
A combination of the weak form factors of the proton 
and G\j can be extracted from the measured asymmetry. 
For the extraction we take G\ from • our average 
momentum transfer of = 0.108 (GeV/c)^ we extract 
a value of G^ + 0.106 G^^ = 0.115 ± 0.036. We compute 
the result for our previous measurement at the higher 
of 0.230 (GeV/c)2 and yield G| 
0.035, which has been omitted in 
The statistical and systematic error of the measured 
asymmetry and the error in the theoretical prediction 
of Aq are added in quadrature. The difference between 
the measured value of ^Lfl(ep) and the Standard Model 
prediction without vector strangeness contribution is di- 
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rectly proportional to the strangeness contribution to 
the vector form factors of the nucleon. The previously 
reported results of SAMPLE, HAPPEX and A4 at a 
different momentum transfer give a measured value for 
AlhIcp) smaller than Aq. For our new data presented 
here the difference of ALH{ep) - Aq has a two a devia- 
tion from zero. Each single measurement does not give 
a strangeness signal larger that two ct, but the combina- 
tion of the three forward angle measurements seems to 
show evidence for the observation of strangeness effects. 
We have taken the published asymmetry values from the 
SAMPLE and HAPPEX results and recalculated Aq ac- 
cording to Equations ^ and |31 taking for SAMPLE the 
mean values of the kinematical variables. Figure El shows 
the present situation of all the published asymmetry mea- 
surements in elastic electron proton scattering using our 
parameter set for the calculation of Aq. 
From the difference between the measured ^^^(ep) and 
the theoretical prediction in the framework of the Stan- 
dard Model, Aq, we extract a linear combination of the 
strange electric and magnetic form factors of G|; + 0.106 
GIj = 0.071 ± 0.036 at = 0.108 (GeV/c)^. In Figure 
13 the solid lines show the possible values of against 
G|j, the gray shaded area represents the 65 % confi- 
dence limit error band. Our result is about two standard 
deviations away from G|; -I- 0.106 G%f = 0. The gray 
shaded area with the dashed lines is the result from the 
SAMPLE experiment on G\.j at the same as mea- 
sured at backward scattering angles. If we take the pub- 
lished SAMPLE result on G%j, we get a value for G|; — 
0.032 ± 0.051. A consistent combination of our result 
on G% + 0.106 GIj presented here and the SAMPLE re- 
sult on G^j would require a reanalysis of averaging Aq 
over the detector acceptance with a common set of elec- 
tromagnetic and axial form factors. Work is in progress 
on a common A4/S AMPLE analysis. A recent very ac- 
curate determination of the strangeness contribution to 
the magnetic moment of the proton Ug = G\j{Q^ = 
(GeV/c)^) from lattice gauge theory yjl is indicated by 
the dotted lines. It would yield a larger value of G% 
= 0.076 ± 0.036 if the dependence of G%j from 
to 0.108 (GeV/c)^ were neglected. The theoretical ex- 
pectations from another quenched lattice gauge theory 
calculation from SU(3) chiral perturbation theory 
1^ , from a chiral soliton model , from a quark model 
2ll |. from a Skyrme-type soliton model '22'| and from an 
updated vector meson dominance model fit to the form 
factors are depicted into Figure 13 
We are preparing a series of measurements of the parity 
violating asymmetry in the scattering of longitudinally 
polarized electrons off unpolarized protons and deuterons 
at backward scattering angles of 140° < 9e < 150° with 
the A4 apparatus in order to separate the electric (G|;) 
and magnetic (G^j) strangeness contribution to the elec- 
tromagnetic form factors of the nucleon. 
This work is supported by the DFG under SFB 201, SPP 
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FIG. 3: The solid lines represent our result on 
G% + 0.106 G%i as extracted from our new data presented 
here. The shaded region represents in all cases the one-cr- 
uncertainty with statistical and systematic and theory error 
added in quadrature. The dashed lines represent the result 
on Gli from the SAMPLE experiment 0. The dotted lines 
represent the result of a recent lattice gauge theory calcula- 
tion for Us E3- The black squares represent different model 
calculations and the numbers denote the references. 
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